THE EFFECTS OF A 12-HOUR SHIFT IN THE WAKE-SLEEP CYCLE ON PHYSIOLOGICAL AND BIOCHEMICAL RESPONSES AND ON MULTIPLE TASK PERFORMANCE
I. Introduction.
For many years biorhythms and the relationship between biorhythms and performance have generated a great deal of interest. In the past several years, this interest has intensified due to considerable changes in the human environment and work situation. The FAA has had a continuing interest in this area for two basic reasons: First, rapid air transportation across time zones often necessitates a change in the traveler's wakesleep cycle that consequently results in disruption of his biological rhythm patterns. Second, the increasing number of tasks that must be performed on a 21-hour basis has resulted in an ever-larger work force of individuals who maintain, for varying periods, altered wake-sleep cycles because of rotating shift patterns.
The study being reported here was designed to evaluate the effects of alteration of the wakesleep cycle by 12 hours on physiological and biochemical responses and performance and to supply information concerning the time required for adjustment of physiological rhythms to a new "steady state" when the wake-sleep cycle is altered.
II. Materials and Methods.
Fifteen males paid volunteers, ranging in age from 20 to 28 years, served as test subjects. They were tested in groups of five on separate occasions, and each f^roup was confined to the laboratory area throughout the test period. Prior to the experiment each group spent approximately 75 hours in the laboratory for orientation and indoctrination. During this time they became proficient on the Civil Aeromedical Institute (CAMI) Multiple Task Performance Battery (MTPB)' and the Kugel apparatus and Tracking became acquainted with the experiment protocol. After a 2-day break they began the 15-day experiment period. On Days 1 through 5 the subjects worked during the day and slept at night (2230 to 0600) except on the fifth night, when they slept only 3 hours (2100 to 2400). On Day 6 the subjects began a new wake-sleep cycle, changed by 12 hours, in which they slept during the day (1030 to 1800) and worked at night. The subjects followed this day-sleep routine for 10 days. The subjects were tested daily on the CAMI MTPB in five 1-hour sessions at 3-hour intervals. On preshift days the first session l)egan at 0630 and the fifth session began at 1830 and ended at 1930. On the day of the time shift the subjects were tested at 0030, 0330, and 0630. After the time shift they were tested five times beginning at 1830 and ending at 0730 the following morning. Each session consisted of a fixed sequence of tasks as shown in Table 1 . During each 15-minute subperiod, the subjects performed the indicated combination of tasks. The nature of the individual tasks and the performance measures derived from each are described in detail elsewhere 2 and will not be discussed here. The measure used to reflect the possible changes in performance was a composite score to which each of the measures from the individual tasks contributed equal variance. The grand mean of the composite score was set to equal 500 with a standard deviation of 10. For the purpose of analysis as well as the presentation of data, scores were combined over 3-day blocks. (The data for Days 1 and 2 were not used because of residual learning effects.) Namely, (he performance data for the first daily session were averaged over Days 3, 4, and 5, and corresponding averages were computed for the four remaining daily sessions. The data for the three test sessions occurring on the day of the shift were treated individually. The data for the five daily sessions for Days 6 through 14 were also averaged in 3-day blocks; data for the final day were not used because of the likelihood of end-ofexperiment effects.
The Kiigel test estimates psychomotor performance. The "Kügelmaschine" is a horizontal rotating cylinder containing a row of five holes of graded sizes. Three sets of five steel balls corresponding in size to the holes in the cylinder were placed in a tray attached to the machine near the base of the cylinder. The test subject, seated in front of the tray, was instructed to pick up and insert, as rapidly as possible, the correct ball into a corresponding row of stationary holes lined up with those of the rotating cylinder. Cylinder speed was programed to accept 40, 50, 60, 70, 60, 50, and 40 balls per minute. Scores were automatically recorded on an attached strip chart. A stylus marked a short horizontal line only when a ball was dropped into a hole of the corresponding size. The final score was the sum of the scores at each cylinder speed.
Heart rate (HR) and body temperature (T r ,) were measured hourly during the entire test period. Dry silver electrodes 12 attached to the CMs position were connected by wires to an Avionics Electrocardiocorder and HR responses were recorded on electromagnetic tape. Tape and batteries were replaced each 24 hours. Although HR was recorded continuously, only hourly averages were statistically analyzed. Rectal temperature was Measured with a thermistor probe inserted 10 cm into the rectum. Values were read to the nearest 0.1° C with a portable bridge.
Urine was collected every 3 hours throughout the experiment period. The volumes were recorded, and aliquots were taken, preserved with boric acid and 1.2 N hydrochloric acid, and frozen for later biochemical analyses. Urinary catecholamines" and 17-ketogenic steroids 5 were determined by using Technicon Autoanalyzer systems. Sodium and potassium were measured with an Atomic Absorption-Emission Spectraphotometer (Instrumentation Laboratory, Inc., Model 353).
Subjective questionnaires included the 10-item Fatigue Checklist developed by Pearson and Ryars 10 and the Sleep Survey developed at the USAF School of Aerospace Medicine that reflected the test subjects' judgment on both the length and quality of sleep the previous night.
A schedule of these events showing the turns at which they occurred during the control period and also during the period after the change is presented in Figure 1 .
III. Results.
A. Subjective Form«. According to results of the Sleep Survey, the alteration by 12 hours of the wake-sleep cycle had little effect on either the total quantity or the quality of sleep. During the night-sleep segment the subjects slept, on the average, 91 to 96 percent of the sleep period with almost 50 |)ercent Iwin^ deep sleep. During the first day-sleep period all subjects but one reported sleeping the entire period. The average time asleep for all day-sleep periods exceeded 95 percent. Therefore, it would appear that all subjects adjusted quickly to the new time for sleeping. The responses to the fatigue survey presented a different picture (Figure 2 ). These responses were recorded six times a day during the awake periods at 8-hour intervals, the first survey being completed upon awakening. The possible scores ranged from 0 (completely fatigued) to 20 (fully refreshed). The mean scores for the night-sleep period ranged from 10.2 to 10.4. The mean scores for the day-sleep periods ranged from 9.1 to 10.5. Although the daily means for night sleep and day sleep did not vary greatly, the time of day for lowest scores was different. After night sleep, the lowest scores were at 0600 each day, the first response of the day, indicating that the subjects did not feel fully refreshed upon awakening. The next lowest score was the last response of the day (2100). The scores at 0900 and 1200 were similar and were the highest of the day. For the day-sleep periods, the first response upon awakening (1800) was relatively high the first day after the cycle change but showed a continuous, gradual decline each day to the end of the study. It was not until 9 days after the change that the first response upon awakening from day sleep reached the same level as the first response upon awakening from night sleep. The highest scores during the day-sleep periods wen« at S hours after nwakening (2100). and the suhjects consistently indicated the greatest feeling of fatigue at 0900. the last response In'fore retiring. In general, thi subjects felt more refreshed upon awakening from day sleep than from night sleep. However, they tended to indicate greater fatigue toward the end of the awake period when sleeping days. The greater the number of days spent at day sleep, the more closely the day-sleep responswa approximated a 12-hour reversal of the night-sleep responses.
B. Pkynologieal Retponae«. All physiological responses were measured at equal time intervals throughout the study and could thus be subjected to treatment by tiie summation-dial method. Figure 3 presents summation dials for four of the subjects for HK. The HR data indicate that all subjects made a fairly rapid adjustment to the shift change. The summation dials showed a 180° change in direction for day-sleep time-ofpeak compared to night-sleep time-of-peak for all subjects but Subject 10. Although Subject 10 quickly established a new "steady state," the direction of change was only about 135° (9 hours) from the night-sleep responses. The complete reversal shown by the other three subjects depicted in this figure are typical of the responses of all other subjects. These data show less variation between subjects and more rapid adjustment than was anticipated. Figure 4 presents the summation dials for T r ,. In contrast to HR, T, e showed much variation Iwtween subjects. One subject quickly shifted 180° from baseline (2 days). Three subjects also shifted 180°, but less rapidly (8 to 4 days). Three other subjects, typified by Subject 0, made irregular loops but did rephase. Four subjects, as exemplified by Subject 12, made broad curves, rephasin«; over a Ji-to 6-day period. One subject did not return a full 180° but appeared to be changing; at the end of the experiment. The T,, of Subject 1 changed slowly but continuously and by the end of the 10th day after the chanjre had shifted 14 to 15 hours. Subject 10 had a T re resixmse that, as was the case with his 1IR curve, reached a steady state of only about 135°, The next five figures present the results of data obtained from urine excretion values. Urinary epinephrine (E) is presented in Figure 5 , norepinephrine (NE) in Figure 6 , 17-ketogenic steroids fl7-KGS) in Figure 7 , sodium (Na*) in Figure 8 . and potassium (K*) in Figure 9 , We did not anticipate that these data would be as precise as the HR and T r , data, which were reported 24 times daily for a more precisely defined curve, as opposed to the urinary data, for which values were determined only eipht times each day. Table 2 indicates the number of days to rephasal, by subject, for each of the physiological parameters measured. The notation "IR" beside a number indicates incomplete rephasal; i.e., a new pattern was established but it was not 180° from the baseline days. The notation "RW" stands for random walk, or a pattern that was so variable as to establish no definable trend. All other numbers represent 180° reversal of the time-of-peak values. sleep (baseline) period, Segment 2 was the first 4 days after the 12-hour shift in the wake-sleep cycle, and Segment 3 was the last 4 days of the study (the 7th through 10th day after the reversal). The analyses were accomplished with 8 harmonics for the urine data and 48 harmonics for HR and T r ,; the fourth harmonic was the 24-hour harmonic. In each of the seven parameters reported, the fourth harmonic exhibited the greatest percent of power and thus verified the 24-hour circadian rhythm. Table 4 presents the percer -«f power for the HR and T r , harmonics.
Harmonics 9 through 24 and 25 through 48 were summed for simplicity of presentation. Table 5 gives the percent of power for the eight harmonics determined for the urinary constituents. These values are presented for the 96-hour nightsleep period. The electrolytes demonstrated the greatest percent of power for the fourth harmonic with NE having the least powerfully defined 24-hour periodicity. Another facet, determined through the data analyses of the 06-hour segments, was the average time-of-peak for each of the 4-day periods. These averages yield a different type of data than those determined for the daily time-ofpeak ascertained for tlie summation-dial presentations. Tables 6 through 12 contain the time-of-peak for the 24-hour harmonic for each of the throe 0€-hour segments. For the baseline period (Segment 1), NE had the earliest timeof-peak (1302) and T,, was the last parameter to peak (1601). All other parameters peaked within the period between these two times. All parameters approached a 12-hour change in peak-response time between Segment 1 and Segment 3. The 17-KGS data, which demonstrated the longest average time to rephasal by the summation-dial technique, also demonstrated the least change between Segment 1 and Segment 3 (10 hours 36 minutes).
C. Kugel Apparatus Perfonnance. The data generated from the Kugel task did not exhibit statistically significant differences as a result of the time shift. The automatic program designed by the ipanufacturer did not provide an adequately difficult task. The virtually perfect levels of perfonnance achieved by the subjects on the Kugel apparatus tended to preclude the possibility of detecting changes in this kind of performance. Future studies should consider the difficulty parameter of tiiis task in such a way that there will IMJ room for performance changes.
D. Complex Performance. The data for performance on the MTPB are summarized in Table  13 and shown graphically in Figure 10 . Significant differences (Chi square r) as a function of time of day (test session) were found only for the curve reflecting performance for the first 3 days after the shift. However, the time-of-day elfect approached significance for the 3 days before the shift and the three sessions of the day of the shift. In the case of the data for the day on which the shift occurred, Sign tests were used to compare the differences among the three sessions, and these tests showed that the second and third sessions differed significantly from the first (/<<.()2) but not from each other. It would appear that, in the case of the data for the first 3 postshift days, the major effect was depressed performance during the fifth session of the day. The Sign test confirmed this in showing that performance in the fifth session differed significantly from tiiat in the fourth session (/><.02). day. (5) Performance on the seventh through ninth postshift days was below the average for the experiment and showed some evidence of a return to a diurnal cycling pattern with a new peak period of performance that reflected the 12-hour shift in the work-sleep schedule.
IV. Discussion.
The sleep surveys indicated that the total quantity and quality of sleep did not change when the sleep cycle was altered by 12 hours. Also, the fatigue surveys indicated that total fatigue for the awake period was eoamtially unchanged. However, the times dum* which the subjects were most refreshed or most f «vigued did vary. Nine days were required for the fatigue pattern to be reversed. Realizing that the individuals rephased at different rates and their peak responses occurred at different times, we could not produce a moan response curve for the physiological data because averaging would tend to flatten the curves. We chose, therefore, to look at the physiological data of the subjects individually and report the total number of individuals yielding a particular type of response.
Those parameters that respond most rapidly to stress demonstrated the shortest rephasal times. Heart ^ate, which evidences almost immediate respom-during stress, rephases in the shortest time; rephasal was apparent on the first day after the shift for nine of the subjects and on the second day for the other six. This is probably a result of the highly structured protocol. All activities were imposed on the 12-hour shift in the same sequence. Participants were given little choice of activities, since the majority of the awake periods were occupied by activities directly associated with the test situation, and IIR is highly influenced by activity levels. The rephasal of catecholamines, which respond less rapidly to stress than does IIR, required an averajcre of 2.9 days for NE and 3.6 days for E. The catecholamines do, however, respond more rapidly to sti^ess than do the other parameters measured and did demonstrate the next shortest rephasal times. In that study the subjects were danspoiled from Paris to Anchorage (11 time zones) and K* rephasal was accomplished in 5 days. The T rr data exhibited a high degree of variability, ranging from 2 to 8 days for rcsynchronization; however, 11 of the 15 subjects r^phasod in 4 to 6 days. Our mean rephasal time of T, H is in fair tgreeineat with one reported study" in which reversal of diurnal temperature rhythms occunvd within 8 to 4 days after a 12-hour time shift. Other studies, 4 e " however, report, a lon^"r time for reversal. These differences might I» accounted for by the fact that, in our expuiment, the asjircts of the temperature measurement considered for determining the time for rephasal were different from those considered in the exi)eriments of others. In our appraisal, we considered only the time-of-peak response in determining vcphasal; in other studies, phase anjrle was the chief consideration.
Of the parameters measured in this study, 17-KQS required the longest mean time for resyn- for these two parameters. Subject IG's data were unusual. Although a new steady state appeared to be established for all parameters, all but one were only 136°, or 9 hours, out of phase with night-sleep data. The indications were strong that this individual would not accomplish a 12-hour adjustment. Subject 14 produced data with no recognizable pattern for almost all parameters. From our observations of his behovior during the study, he did not appear to adjust well to the laboratory setting nor to the experiment protocol The general findings with the MTPR are consistent with the previous findings with respect to its sensitivity to time-of-day effects." The pattern of changes in performance associated By summation-dial method demonstrated a random walk and is not included in the mean values determined for this parameter.
with flic postshift phase of the experimont is snjrjrestive of a sleep-loss phenomenon. This is seen directly in the data of the three sessions on the day of the shift when, in fact, there was an important decrease in the time available for sleep. The data for the first 3 full days followinp the shift siifrpest that the shift in the time at which performance was required did not have a detrimental effect except for the last session of the day. It is also relevant that this last session beftan I'i'^ hours after the end of the last sleep period. Thus, the "length of the workday" may have liecn responsible for the downturn of the curve of the prcshift performance on the last daily session, and th poor performance on the last daily session of the first 3 days after the 
